The objective of this experiment was to evaluate the genetic diversity within three Tambaqui broodstocks (Colossoma macropomum). Eight primers were used to analyze 67 individuals collected from three fish farming in the municipalities: Porto Real do Colégio -Alagoas (PRC), Araujo 1 -Sergipe (AR1) and Araujo 2 -Sergipe (AR2), in Brazil. Differences in the frequencies of 88 fragments and four exclusive fragments in PRC were found. High polymorphism values (from 54.38% to 64.38%) and Shannon´s index (from 0.33 to 0.37) were observed. The AMOVA showed that high variation is within each broodstock. The identity and the genetic distance among the groups ranged from 0.845 to 0.975 and from 0.025 to 0.156 respectively, and the shortest distance was found in the groups PRC x AR1 and PRC x AR2. The genetic differentiation ranged from lower to higher (F st = 0.03 and 0.178) as well as the migratory number per generation (Nm = 5.07 to 12.8). In general, the broodstocks had high intrapopulation variability, and high differentiation and genetic distance within themselves.
Introduction
The aquaculture world has had significant growth in the last 50 year, when the total fish production (ton) ranged from 638,557 in 1950 to estimates above 66.633.253 in 2012. These records suggest a rate higher than verified in other edible animal segments (FAO, 2014) . The growth of the fish national produce (fisheries and aquaculture), for example, from 2010 (1.264.000 ton) to 2011 was about 13.2% with the total of 1.431.974 tons in 2011. In aquaculture were produced 528.704 tons in 2011. The northeast region had the highest record with the participation of 31.7% in the national production (454.216 tons) when the regional and continental production was 134,292.6 tons (MINISTÉRIO DA PESCA E AQUICULTURA, 2013).
The tambaqui, Colossoma macropomum (Characiformes: Characidae), is a natural species present in the Amazonas and Orinoco basins (ARAUJO-LIMA; GOULDING, 1997) . Despite being a major source of food for riverine communities, at present is classified as overfished or threatened by overexploitation (MINISTÉRIO DO MEIO AMBIENTE, 2015) .
Regarding production, tambaqui has prominent position among the main species of Brazilian fish with several factors favoring its cultivation. This species has good potential of growth and productivity, easy reproduction and rusticity (ARAUJO-LIMA; GOULDING, 1997; JACOMETO et al., 2010) . Thus, in contrast to the wild populations, tambaqui stocks are increasing in fish farming, characterizing it as the native species most commonly produced in Brazil. Tambaqui is the second most produced fish species in Brazil with 88.719 tons in 2013, representing 22.6% of total production, only behind the tilapia (169.306 tons). The northeast region produced 12.771 tons of tambaqui in 2013, representing 14.39% of total produced in the country (IBGE, 2013) . In addition to the increase of consumption and production, this growth has been stimulating the creation of breeding programs of the species (OLIVEIRA et al., 2012) .
The monitoring populations and fish stocks it is important to obtain positive results in breeding programs (FALCONER, 1987; LOPES et al., 2009) or conservation programs (POVH et al., 2008a) . Research have indicated that stock with lower or decreasing genetic variability along the generations can induce endogamy, reduce the adaptability, progenies survivorship (LOPERA-BARRERO et al., 2010a; POVH et al., 2008b) , and losses of the genetic potential (MOREIRA et al., 2007) . The dominant molecular markers are methods useful in the analysis of the genetic variability of progenitor stocks, progenies and wild fish populations (POVH et al., 2008b LOPES et al., 2009; JACOMETO et al., 2010; LOPERA-BARRERO et al., 2010b; AZRITA et al., 2014; BHAT et al., 2014; LOPERA-BARRERO et al., 2014) .
The aim of this experiment was to evaluate the genetic diversity of fish broodstocks of C. macropomum from several regions in the Northeast Brazil.
Material and Methods
Samples from the caudal fins were collected from broodstocks of C. macropomum from fish farming in the municipalities of Porto Real do Colégio -AL (PRC: 27 individuals), Araujo 1 -SE (AR1: 20 individuals) and Araujo 2 -SE (AR2: 20 individuals).
The DNA extraction followed the method described by Lopera-Barrero et al. (2008) when micro tubes with about 0.5 cm 2 of fin samples had 550 μL lyse buffer (50 mmol L -1 Tris -HCl, 50 mmol L -1 EDTA, 100 mmol L -1 NaCl and 1% SDS) and 7 μL de proteinase K (200 mg μL -1 ). All these material was incubated in water bath at 50 °C for 12 hours. The DNA precipitated with 600 μL of NaCl (5 mol L -1 ) was centrifuged for 10 min at 14.645 g. The supernatant with the DNA was transferred to other micro tube (800 μL), precipitated with 700 μL absolute ethylic alcohol and incubated at -20ºC for 1 hour. Thereafter, the DNA was centrifuged, washed with 700 μL ethylic alcohol at 70%, suspended in 85 μL of the buffer solution TE (10 mmol L -1 Tris pH 8 and 1 mmol L -1 EDTA) and treated with 7 μL of RNAse (30 mg mL -1 ) in water bath at 37ºC for 1 hr. Soon after, the substance was stored in freezer at -20ºC.
The DNA was quantified in the Shimadzu spectrophotometer (Shimadzu Corporation, Kyoto, Japan) with absorbance of 260 nm. The samples were diluted to 10 ng μL -1 . The quality of the DNA was monitored by electrophoresis in agarose gel at 1% using the buffer TBE 1X (500 mmol L -1 Tris -HCl, 60 mmol L -1 boric acid and 83 mmol L -1 EDTA), at 70 volts for 1 hour.
The amplification conditions were based in the methods reported by Williams et al. (1990) . The DNA was amplified in the volume of 15 μL using the buffer 1X Tris -KCl, 2 mmol L -1 MgCl 2 , 0.46 μmol L -1 of primers, 0.2 mmol L -1 from every dNTP, one unity of Platinum Taq DNA Polymerase (Invitrogen ®, Carlsbad, EUA), and 10 ng of the DNA under study. This DNA was denaturized at 94ºC for 4 min and soon after was submitted to 40 cycles in which every sample was denaturized at 94ºC for 1 min, annealing of 30 s with the primer at 40ºC, and 2 min for the extension at 72ºC. Next, the final extension was at 72ºC for 7 min. The reaction was amplified in termocycler Eppendorf Mastercycler Gradient. Ten of 30 primers tested from the kits OPA, OPW and OPX (Operon Technologies Ltd., Valencia, USA) with better definition and reproducibility (OPA01, OPA02, OPW04, OPW05, OPW06, OPX02, OPX03, OPX04) were used.
The amplification products were set apart in agarose gel at 1.5%. Fifteen microliters of the amplified product was used in conjunction with 2 μL of the sample buffer (40% sucrose and 0.25 % bromophenol blue) in horizontal electrophoresis. The electrophoresis was carried out in the buffer TBE 0.5X (45 mmol L -1 Tris Borate and 1 mmol L -1 EDTA) at 70 volts for 4 hours. The quantification and amplification gels were displayed under UV radiation after exposing to ethidium bromate (0.5 μg mL -1 ) for 1 hour. The image was photographed using the Kodak EDAS program (Kodak 1D Image Analysis 3.5, New York, USA).
The fragment size from the amplifications was estimate based on the standard ladder of 100 pb (Invitrogen, Carlsbad, USA). The presence or not of fragments with identical size was used to build the similarity matrix based in coefficient of similarity of Jaccard where the code 1 indicate the presence of the fragment and the 0 was its absence. The genetic diversity index of Shannon and the percentage of polymorphic fragments (criterion of 95%) were obtained by the PopGene program 1.31 (YEH et al., 1999) .
The TFPGA 1.3 (MILLER, 1997) program was used to find the distance and genetic identity (NEI, 1978) among the fish broodstocks and the frequency of the fragments was determined by the Exact Test (RAYMOND; ROUSSET, 1995) . The Arlequin 3.0 program (EXCOFFIER et al., 2005) was used to determine the genetic differentiation using estimates of the F st (WEIR; COCKERHAM, 1984), and to analyze the molecular variance (EXCOFFIER et al., 1992) . To analyze the molecular variance among the broodstocks, they were grouped in pairs using all the combination available following the distribution: PRC x AR1; PRC x AR2 and AR1 x AR2. The significance of these tests was verified by using random permutations ranging 1,000 to 10,000. The same program determined the migrant number per generation (Nm). The significance of the F st was evaluated by the X 2 test [c² = 2n F st (k-1); GL = (k-1)(s-1)], after Workman and Niswander (1970) , where: n is the number of fish in both groups, k is the number of alleles and s is the number of groups.
The magnitude of the genetic differentiation among the broodstocks was determined based on the Wright (1978) definition with low (F st = from 0 to 0.05), moderate (F st = from 0.051 to 0.15), high (F st = from 0.151 to 0.25) and very high (F st >0.25) values.
Results and Discussion
The eight primers generated 109 fragments ranging from 10 (OPA01, OPA02 and OPW04) to 20 (OPX03) primers. The largest fragment (2072 pb) was obtained from the amplification of the OPW04, OPW05, OPX03 and OPX04, and the shortest (220 pb) from the OPW06 (Table 1) . Significant differences (p<0.05) were found in 88 of 109 frequencies. Low frequencies (lower than 0.1000) were found in PRC (3) and AR2 (4) with 28 missing fragments (frequencies of 0.0000) in the broodstocks (PRC = 5; AR1 = 14 and AR2 = 9). The explanation by the low frequencies and the missing fragments within every broodstocks is the bottleneck or the founder effects. The bottleneck is the decrease in the population to a small number of individuals because of non-intention selection due to mate of genetically relative individuals loosing genetic and allelic variability (MOREIRA et al., 2007) . Thus, bottleneck prevention has to be the main goal to avoid endogamy and genetic drifting (TAVE, 1999; POVH et al., 2005) . Otherwise, if the broodstock has just a few individuals or the selected individuals do not represent genetically the original population (founder effect) there will be reduction in the genetic variability with low frequencies or missing fragments. Even with the possibility of these effects still present in the current experiment, we may not state that they have affected the frequencies, because either information about the reproductive management in these fish farming or the origin of these individuals is not available.
Twenty-three limiting fragments were found (frequency of 1.000) differently dispersed within every broodstock (PRC = 5; AR1 = 15 and AR2 = 3) in conjunction with six exclusive fragments (PRC = 4; AR1 = 1 and AR2 = 1). These results, however, indicates that although the low frequency and missing fragments, there is high genetic variability within every broodstock. The genetic variability within the broodstocks based on the Shannon´s index and percentage of polymorphic fragments ( Table 2) indicated adequacy of variability values in agreement with limiting and exclusive fragments, even considering the missing and the low frequent fragments. These results indicate that the broodstocks format came from large number of individuals or wild populations with high genetic variation allowing the maintenance of the variability, despite the expected reduction in captivity (LOPERA-BARRERO et al., 2010b) . The genetic analyses of tambaqui broodstocks as well as other Brazilian species based on the Shannon´s index (SI) and the percentage of polymorphic fragments (PF) had similar results to the current experiment. Jacometo et al. (2010) found in stocks from Rondônia, Sergipe and Mato Grosso States values of IS (Teixeirópolis: 0.45; Neópolis: 0.45 and Sorriso: 0.40, respectively) and FP (Teixeirópolis: 82.64; Neópolis: 83.33 and Sorriso: 73.61, respectively) higher than in the current analysis. They concluded about the existence of adequate intra-population genetic variability. Lopes et al. (2009) analyzing two stocks of C. macropomum, from Rondônia found values higher for the SI (0.468 and 0.439) and PF (77.0% and 75.0%). They also concluded about the presence of high genetic variability.
The comparative analysis in the different groups using AMOVA indicated that the highest part of the variation is found within every broodstock of C. macropomum unlike between them. The distance and the identity genetic in the broodstocks indicate higher genetic distances in the groups PRC x AR2 and AR1 x AR2 (Table 3) . These results were corroborated with the values of F st and Nm. Based on Wright (1978) , they had high genetic differentiation. The high values of genetic identity for PRC x AR1 were also corroborated with low genetic differentiation of Wright (1978) and low fixation index (F st ) indicating low differentiation for the groups PRC x AR1. However, we detected a higher number of migrants in PRC x AR1 in comparison with the groups PRC x AR2 and AR1 x AR2 that had the highest values of (F st ), 0.178 and 0.155, respectively. The genetic differentiation of Wright (1978) was high ( Table 4) .
The low differentiation in PRC x AR1 suggests that the broodstocks of C. macropomum may have been formed with offsprings from the same region or similar wild populations. However, this hypothesis is difficult to state because there has been no information about the origin of these individuals. Jacometo et al. (2010) and Lopes et al. (2009) also found high number of migrants per generation -Nm (24.30 and 13.35, respectively) for broodstocks of C. macropomum suggesting gene flow back-and forward into these stocks. The studies with molecular markers in fish stocks may be used in two specific areas: application in the fish production and genetic conservation. According to Allendorf and Ryman (1987) and Lacy (1987) , the decline of genetic diversity in cultured stocks is the result of interaction between the founder effect, genetic drift and natural or artificial selection. The speed of this decline is influenced by reproductive management (parenting exchange, selection and number of parental used in the mating, reproductive system) POVH et al., 2008b; LOPERA-BARRERO et al., 2014) and the purpose of stock formation (fish farm, genetic breeding or restocking) POVH et al., 2011) . In terms of genetic conservation, genetic information into restocking programs along with study of the ecology and monitoring is important to verify the potential of biological and genetic impacts of released fishes on wild populations (GARDNER et al., 2010) . On the other hand, a major potential problem is the interaction between farmed specimens and wild population through accidental escapes or intentional releases from fish farms (AGUIAR et al., 2013) . Thus, through molecular markers can guide management actions that allow the maintenance of genetic stocks in any productive and conservation purpose. In the case of our results, it is possible to affirm that PRC x AR1 form a single genetic broodstock. In contrast, PRC x AR2 and AR1 x AR2 were characterized as genetically different broodstocks and individuals can be exchanged between them.
The results in this experiment are source of important information for fish farm growers and researchers to manage reproductive stocks of Colossoma macropomum as well as their use in breeding and conservation programs. Thus, the dominant molecular markers were efficient in evaluating the genetic profile of these fish. However, despite the costs, we must consider additional investigations with co-dominant molecular techniques as the microsatellite markers which allow for more information from the captivity stocks and genetic conservation programs LOPERA-BARRERO et al., 2014) .
In conclusion, the fish broodstocks had high genetic variability with the highest values in the PRC and AR2. The group analysis indicated low genetic differentiation for PRC x AR and high for PRC x AR2 and AR1 x AR2.
